Abstract: Carbanions generated from various acyclic and cyclic α-azido ketones in the presence of bases were reacted with ethyl 3-[(carbamoylimino)amino]but-2-enoate as a Michael acceptor to give the corresponding adducts. The adducts of acyclic azides were unstable and eliminated hydrazoic acid to give the corresponding ethyl 2-[1-[(carbamoylamino)imino]ethyl]-4-oxo-4-phenylbut-2-enoates as (E,E/Z,E)-diastereomeric mixtures. The relative configuration of these diastereomers was determined by X-ray analysis. Adducts of cyclic α-azido ketones were obtained in diastereomerically pure form, with the exception of 2-azidobenzosuberone.
that exhibit dual reactivity in C-C bond formation. The electrophilic carbonyl function provides a target for the attack by carbanions, leading to adducts such as compounds 2; this chemistry has been utilized by Langer and co-workers. 3 On the other hand, α-azido ketones with at least one α-hydrogen atom show enhanced C-H acidity as a result of the anion-stabilizing effect of the azido group. The controlled generation of carbanions 3 and their subsequent trapping by various carbon electrophiles results in the formation of aldol-type products 4.
We have previously demonstrated that base-induced reactions between α-azido ketones 1 and simple aldehydes or more complex carbonyl compounds, such as α-oxo aldehydes or α-oxo esters, provide an efficient method for the preparation of valuable tri-and tetrafunctionalized synthons. 4 The reaction of α-azido ketones with aldehydes has been used successfully by Padwa and co-workers. 5 A similar coupling with in situ generated imines using organocatalysts has also been reported. 6 Surprisingly, little is known about the reactions of α-azido ketones 1, acting as carbon nucleophiles, with Michael acceptors. Phenacyl azides have been treated with strongly activated acceptors having two electron-withdrawing groups to give the expected adducts, which, in turn, are capable of eliminating nitrogen under basic conditions and cyclize to pyrroles. In this contribution, we describe the reaction of α-azido ketones 1 with 1,2-diaza-1,3-dienes as Michael acceptors. Attanasi and co-workers have been notably active in the field of 1,2-diaza-1,3-dienes for over thirty years, 8 and they have demonstrated the utility of these compounds in the construction of a range of heterocyclic systems.
The chemical properties of 1,2-diaza-1,3-dienes are mainly related to the electron-withdrawing effect of the azo group in the heterodiene system. In general, electron-deficient substituents (such as ester or amide groups) on the terminal carbon and/or nitrogen tend to stabilize the heterodiene and enhance its electrophilic character. 8 1,2-Diaza-1,3-dienes typically undergo regioselective nucleophilic attack on the carbon atom at the 4-position by a variety of carbon or heteroatom nucleophiles to give highly functionalized hydrazone intermediates.
We studied the Michael addition of 2-azido-(4-substituted phenyl)ethanones 5, (adamantan-1-yl)-2-azidoethanone (9), 2-azido-1,2-diphenylethanone (11), 3-azido(thio)-chromanones 13 and 14, 2-azidobenzosuberone (15a) to ethyl 3-[(carbamoylimino)amino]but-2-enoate (6) under basic conditions. When we treated 2-azido-(4-substituted Table 1 , entries 1-4). The formation of these α,β-unsaturated esters could be interpreted in terms of a Michael-type 1,4-addition leading to the α-substituted hydrazone intermediates 7 and a subsequent elimination of hydrazoic acid, promoted by the formation of the conjugated double-bond system. This elimination seems to take place very readily. Typically, the 1 H NMR signals of the intermediate 7 could be identified in the spectrum of the crude product after the workup, but the signals of adduct 7 disappeared during purification by column chromatography. The only case in which we were able to obtain a small amount of the azide intermediate 7b in pure form after column chromatography was in the reaction of the 4-methyl analogue 5b (Scheme 2 and Table 1 , entry 2).
The diastereomers (E,E)-8 and (Z,E)-8 were separated by column chromatography. X-ray analysis showed that the more soluble, less polar isomer had an E,E relative configuration, whereas the less soluble more polar isomer had a Z,E configuration (Figures 1 and 2 ). 10 Crystallization of the more polar diastereomers proved to be extremely difficult, but we finally succeeded in gaining a single crystal from the parent compound 8a. This single crystal was weakly diffracting, resulting in an R value of 13%, but this, nevertheless, permitted the assignment of the Z,E relative configuration. Having unequivocally determined these configurations, we were then able to assign the configurations for the remainder of the series on the basis of their characteristic NMR spectroscopic features.
In the 1 H NMR spectra (DMSO-d 6 ) of the more polar Z,E isomers, the 2′′-Me signal appeared at a lower field than in the corresponding signal for the E,E diastereomers (Δδ = 0.29-0.34 ppm). Moreover, the aromatic 2′-and 6′-protons of the Z,E isomers appeared at a higher field than those of the E,E diastereomers; the extent of the shift (Δδ = 0.29-0.34 ppm) being quite similar to that observed for the 2′′-hydrogens. The 13 C NMR spectra also showed some significant differences. A marked downfield shift was observed in the case of the C-4 signals of E,E isomers compared with those of the Z,E isomers (Δδ = 5.8-5.9 ppm), whereas the signals for C-1, C-2, and C-1′′ of the E,E isomers were also shifted to a higher field. The effect of the temperature on the reaction was examined in the case of 2-azido-1-(4-methoxyphenyl)ethanonone (5c), but no change in the product ratio was observed when the reaction was performed at -15 °C instead of at room temperature. When a catalytic amount of triethylamine was used as base instead of DBU and the reactions of azides 5a, 5c, and 5d were performed at 0°C, the corresponding azide derivatives 7a, 7c, and 7d were obtained in higher yields, as shown by 1 H NMR analysis of the crude product (Table 1 ; entries 5-7). However, our attempts to isolate the azide products 7 in pure form by column chromatography failed and, in all cases, we were only able to isolate mixtures of the azide adducts 7a, 7c, and 7d and the corresponding vinyl esters 8a, 8c, and 8d as diastereomeric mixtures. We concluded that the high lability of the Michael adducts prevents their isolation in pure form.
Treatment of 1-(adamantan-1-yl)-2-azidoethanone (9) with 2.0 equivalents of diazodiene 6 in the presence of a catalytic amount of DBU in dry tetrahydrofuran at subambient temperatures gave the Michael addition product, ethyl 4-(adamantan-1-yl)-3-azido-2-[1-[(carbamoylamino)-imino]ethyl]-4-oxobutanoate ( 10 in diastereomerically pure form and in a good yield (53%; Scheme 3); no elimination product was detected or isolated. It appears that the presence of an aromatic unit connected to the ketone functionality accelerates the elimination of hydrazoic acid.
We also investigated the reactions of α-azido ketones containing α-branching. Only the reaction of 2-azido-1,2-diphenylethanone (11) with the diazadiene 6 in the presence of catalytic amounts of DBU resulted in the formation of an elimination product 12 in a low yield (17%) and in a diastereomerically pure (Z,E) form (Scheme 3). 2-Azidopropiophenone and 3-azidobutane-2-one failed to give any isolable product.
As another point of interest, we also studied the coupling reactions of cyclic α-azido ketones. The reactions of 3-azidochromanones 13a-c or 3-azido-1-thiochromanone (14a) with diazadiene 6 under our standard conditions (DBU catalysis) gave the desired ethyl 2-(3-azido-4-oxo-3,4-dihydro-2H-1-benzopyran-3-yl)-3-[(carbamoylamino)-imino]butanoates 16a-c and ethyl 2-(3-azido-4-oxo-3,4-dihydro-2H-1-benzothio-pyran-3-yl)-3-[(carbamoylamino)imino]butanoate (21a), respectively, in good to excellent yield (60-93%) and in diastereopure form (Scheme 4 and Table 2 , entries 1-4). In these cases, the Michael adducts were more stable than those of the acyclic acetophenones. In the cases of the 3-azido-6-chlorochromanone (13c) and 3-azido-1-thiochromanone (14a), we also isolated the corresponding chromone 19c and thiochromone 20a, respectively, but here the elimination of hydrazoic acid affected the heterocyclic ring instead of the aliphatic chain. The driving force for the elimination was, once more, formation of a conjugated system, but the greater stability of the heterocyclic chromone ring affected the regioselectivity. A similar reaction of 2-azidobenzosuberone (15a) with diazadiene 6 led exclusively to ethyl 2-{6-azido-5-oxo-6,7,8,9-tetrahydro-5H-benzo [7] -annulen-6-yl}-3-[(carbamoylamino)imino]-butanoate (18a). Notably, the conversion here was only 77%, despite the longer reaction time (42 h). In this case, the azide adduct was isolated as a diastereomeric mixture (d.r. = 67:33 on the basis of integration of the 4-H hydrogens) (Scheme 4 and Table  2 , entry 5). However, the relative configuration of the diastereomers of 18a could not be determined.
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